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The commonly accepted criterion for routine
identification of Candida albicans in culture is the
production of ehlamydospores on special media.
Most widely used for this purpose is cornmeal
agar, but many other substrates have been pro-
posed and tested in recent years. Though satis-
factory for most purposes, identification by
means of these "ehlamydospore agars" is neces-
sarily inexact, since some strains of Candida
stellatoidea, a saprophyte, share with C. albicans
the ability to form these spores. Moreover, most
of these media have been found less than com-
pletely reliable in eliciting ehlamydospore forma-
tion by C. atbicans. The several new media de-
signed to identify this species by characteristic
colony appearance have also been found lacking
in specificity. Having compared our own results
with those of others as reported in the literature
(1—7), we feel that the most reliable of all these
for the differentiation of C. albicans is homemade
yellow cornmeal agar containing 1 % Tween 80
(6), which this laboratory has now adopted as
its routine identification medium (Taschdjian's
cream of rice infusion-Tween SO agar is ap-
parently very similar).
Of the other criteria found useful for separa-
tion of C. atbicans from C. stellatoidea the rabbit
virulence test appears to be the best (8, 9) but is,
of course, prohibitively expensive. Sugar fermen-
tations are helpful but quite variable. Recently
Trimble (9), in an excellent treatment of this
problem, utilized a precipitin test to distinguish
these two organisms, with notable success. Sero-
logical methods are inherently highly specific,
but the preeipitin technique requires several days
for identification of a culture and involves the
preparation of complicated media. The present
paper reports the adaptation of a rapid and
simple serological procedure, the Coons fluores-
cent antibody technic (10), to the separation of
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species of Candida. Once the reagent is prepared
and the necessary equipment on hand, the
method involves simply application of a specific
fluorescent stain to dried smears of the organism,
followed by examination under the ultraviolet
microscope. It appears to be particularly reliable
for distinguishing C. albicans from C. stetlatoidea.
MATERIALS AN0 METHOD5
The strains of Candida albicans used in these
studies were isolated in our routine diagnostic
laboratory from clinical specimens of many types,
but preponderantly sputum and bronchial wash-
ings. None was of vaginal origin. The cultures of
C. stellatoidea were kindly supplied by Dr. N. F.
Conant, Duke University, and Dr. Margarita
Silva, Columbia University. Three of Dr. Conant's
strains on which be had indicated that rabbit
pathogenicity tests had not been run have been
so tested in this laboratory and found to be
avirulent. All of the C. stettatoidea strains were
determioed to be typical by the usual tests of
growth on Sabouraud broth and agar, beef extract
blood agar, and cornmeal agar, and of sugar fer-
mentations. However, two of the cultures formed
numerous ehlamydospores on eornmeal-Tween SO
agar.
Antisera against Candida atbicams were obtained
by injection of heat-killed saline suspensions into
rabbits according to the method of Benham (11),
the animals being bled between the fourth and
eighth days following the third series of injections.
Agglutination titers from 1:1280 to 1:40,960 were
obtained. Globulin fractions of these sera were
extracted by ammonium sulphate precipitation
and conjugated with fluorescein isoeyanate as
described by Coons and Kaplan (10). The resulting
products were employed for the differential stain-
ing of dried smears of C. atbicans and C. stetta-
toidea derived from 3 to 4 day cultures on Sab-
ouraud dextrose agar. Each smear was covered
with a drop of the labelled globulin and placed in
a moist chamber at room temperature for 30 min-
utes; it was then drained, rinsed in buffered saline
for 10 minutes, gently blotted, and mounted in
glycerol-saline under a coverglass. Slides were
examined microscopically at a magnification of
800X for fluorescence of individual cells, the
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degree of fluorescence being rated visually on a
scale of 1+ to 4+.
The microscope employed in these studies was
a special research instrument, the Reichert Zeto-
pan, equipped with cardioid darkfield condenser
and special ultraviolet illumination system. How-
ever, an ordinary high grade monocular micro-
scope with nonfluorescing optics and suitable
condenser may be employed satisfactorily, to-
gether with the special ultraviolet equipment.
Our illumination system consisted of a 30 watt
tungsten lamp and a 200 watt, air-cooled, "maxi-
mum-pressure" mercury vapor arc lamp, the two
being instantly interchangeable. In this way the
field could he examined alternately under visible
light darkfield and ultraviolet light. A suitable
filter in front of the mercury lamp transmitted
only the near ultraviolet, violet, and some blue
light. After this had passed through the specimen
it was filtered out by a Wratten G gelatin filter
in the microscope tube, so that only the fluorescent
rays reached the eye.
RESULTS
Not all lots of conjugate were equally effective
in distinguishing C. albicans from C. stellatoidea.
However, once a lot has been tested and found
specific with a few known strains it may be ex-
pected to show consistency thereafter. The lot
most extensively tested thus far, designated C-4,
required serological absorption in order to remove
reactive antibodies against C. stellatoidea. For
this purpose C. parakrusei cells proved to be more
desirable than those of C. stellatoidea itself, since
the latter removed too much of the reactivity to
C. alficans. Measured volumes of packed C.
TABLE I
Differentiation of Candida albicans from Candida
stellatoidea with Each of 3 Fluorescent Conjugates
Organism
Conjugates
C-4 absorbed C-i Ct-i
No.
of
str-
abs
Bright-
ness
No.
of
str-
ains
Bright-
ness
No.
of
str-
ains
Bright-
ness
C. albicans 60
2
3—4+
2+
13 4+ 6
1
3—4+
C. stellatoidea 3
3
1
1+
2+
3+
6
1
0—1+
2+
7 0
C-i and C-4 are anti-C. albicans; Ct-i is anti-C.
tropicalis.
parakrusei cells were suspended in the fluorescent
conjugate and absorption was carried out on a
shaking machine for two hours at 37°C followed
by overnight refrigeration. Thus absorbed, C-4
was applied to smears of 62 strains of C. albicans
and 7 of C. stellatoidea, with results as shown in
Table I. The most effective lot tested was C-I,
which required no absorption in order to render
it specific (Table I). However, its specificity
was increased by dilution of the original 1:10 with
saline. This dilution readily differentiated all 7
strains of C. stellatoidea from the 13 strains of C.
albicans tested, the former only once showing a
fluorescence as great as 2+. The Ct-i conjugate
(Table I) was prepared from C. tropicalis anti-
setum rather than C. albicans, but gave similar
results. In agreement with many other investiga-
tors, including Trimble (9), we have found that
C. albicans and C. tropicalis cross-react very
strongly with each other, but both can readily be
separated from all other species of Candida by
serological means, including this fluorescent
staining technic. The two can be distinguished
from one another by the simple method of growth
on Sabouraud glucose agar for 48 hours (8).
DISCU55ION
A definitive evaluation of the fluorescent anti-
body technic as a routine tool for the differentia-
tion of Candida albicans from C. .stellatoidea must
be preceded by work with many more strains of
these organisms. Specificity of some of the lots
of labelled globulin may possibly be improved by
further serological refinement. It is expected,
however, that the method will prove to have
about the same specificity and perhaps greater
sensitivity than the precipitin test. The fluores-
cent method has the advantages of extreme
rapidity and simplicity and, furthermore, can be
applied to very small numbers of cells—even a
single cell, viable or not, in pure or mixed culture.
Its greatest disadvantage at present lies in the
difficulty of obtaining a satisfactory fluorescein
amine and in the conversion of the amine to the
isocyanate, which is the labelling agent. The
amine employed in our studies was prepared by
a local chemist and converted to the isocyanate
in our laboratory by reaction with phosgene.
However, both the amine and the isocyanate are
now offered commercially. The former is listed
by Nutritional Biochemicals Corp.; both are
offered by Sylvana Chemical Co. of Orange,
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N. J., which is also making anti-rabbit and anti-
human globulin conjugates for use in the indirect
or "sandwich" procedure (12). By this method
the yeast cells would be subjected first to un-
labelled anti-C. albicans rabbit serum followed,
after a saline rinse, by the labelled anti-rabbit
globulin. We have not adequately tested this
procedure, but results would be expected to
parallel those of the direct method described
above.
The technic is also applicable to the identifica-
tion and differentiation of yeast cells directly in
smears from suspected mycotic lesions, e.g., those
of the vagina. In vitro, C. albicans is readily dif-
ferentiable from the components of the mixed
normal vaginal flora with the exception of C.
tropicalis. This cross-reaction may possibly be
eliminated by further serological studies. In pre-
liminary work with clinical specimens we have
ascertained that C. albicans stains intensely with
the appropriate conjugate in oral mucosal smears
from cases of thrush. It also shows up well in
impression slides from experimentally infected
rabbit kidneys.
SUMMARY
A simple staining procedure for the differentia-
tion of Candida albicans from Candida stellatoidea
is described. Fluorescein-labelled specific anti-
serum is applied to smears from culture or clinical
material, which are then examined by ultraviolet
microscopy for fluorescent yeast cells. The
method is rapid, obviates the need for special
culture media, and appears to be highly specific.
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